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The study investigated the uptake and translocation pattern of trace metals from two different plant species from a waste dump site in Pretoria,
South Africa. Datura stramonium is used as an anti-asthmatic treatment and Amaranthus spinosus may either be used as a medicinal herb or
consumed as a vegetable. The trace metal contents from different parts of these plants (leaf, stem and root) were determined by the use of ICP-
OES. The concentrations of trace metals from the leaves and stems of both plants were in the order FeNMnNZnNCuNCrNNiNPb. However,
from the roots of D. stramonium the concentration were in the order ZnNMnNFeNCrNNiNCuNPb, while from the root of A. spinosus the trend
of accumulation was in the order of FeNZnNCrNNiNMnNCuNPb. From both plants, the concentrations of determined trace metals were in the
order rootsN leavesN stems. The overall concentration of heavy metals from leaves and stems appeared to be within the limit laid down for safe
human consumption (17.35–78.65 μg/g Fe, 16.84–52.94 μg/g Zn, 5.65–7.31 μg/g Cu, 0.51–1.98 μg/g Pb, 4.36–5.69 μg/g Ni and 18. 20–
33.56 μg/g Mn).
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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Trace element plays an important role in chemical,
biological, metabolic, and enzymatic reactions in the living
cells of plants, animals and human beings (Hashmi et al., 2007).
However, the release of trace metals through human activities
into the environment has increased over the years and the excess
of these metals in the environment has been reported to be
extremely dangerous to human health (Olowoyo et al., 2010).
The accumulation of trace metals by plants is one of the most
serious environmental concerns lately. This is as a result of the
harmful effects of toxic metals on animals and human health.⁎ Corresponding author. Tel.: +27 12 5215843.
E-mail address: woleolowoyo@yahoo.com (J.O. Olowoyo).
0254-6299/$ - see front matter © 2011 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2011.05.010Heavy metal contamination in agricultural environments can
come from atmospheric fall-out, pesticide formulations, and
contamination by chemical fertilizers and irrigation with water of
poor quality (Marcovecchio et al., 2007). Heavy metals ranks high
amongst the chief contaminants of leafy vegetables and medicinal
plants (Ajasa et al., 2004). Uptake of trace elements by plant varies
and depends largely on several factors, such as soil pH and organic
matter content (Logan et al., 1997). Plant uptake is one of themajor
routes of food chain exposure to trace elements in the soil.
Despite this problem and limited knowledge of its dangers
by consumer, demands for better quality and less expensive
agricultural products are increasing especially in urban cities
(Mapanda et al., 2007). Some consumers consider undamaged,
dark green and big leaves as characteristics of good quality leafy
vegetables. However, the external morphology of vegetables
cannot guarantee safety from contamination especially when
farming activities are carried out around industrial areas.
Evidence of severe poisoning caused by some metal compoundsts reserved.
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intensive research into the different uptake and translocation
pattern in food crops (Vélez et al., 2004).
The broad use of traditional medicine by rural communities
due to the accessibility and affordability of herbal medicine has
also necessitated a further research into the uptake and
translocation pattern of trace metals by some medicinal plants
grown in the urban areas (Ajasa et al., 2004).
There is a great cultural diversity in South Africa. Many
people are using a wide variety of plants in their daily lives
for food, water, shelter and medicine (Pretorius and Marx,
2006). Spinach and A. spinosus are commonly consumed
vegetables in South Africa, their role in the dietary intake is
important as it provides iron, which helps to bind oxygen
molecules in the blood during respiration (Correll et al.,
2003). Moreover, a greater number of people in South Africa
still rely on the use of herbal medicine. It was estimated by
Mulholland and Drewes (2004) that significantly higher
number of patients in South Africa consult traditional healers
for potentially life threatening conditions.
The plants used for this study were D. stramonium and
A. spinosus. The D. stramonium also known as jimson weed is
used frequently as an anti-asthmatic treatment and it is also known
for its hallucinogenic and euphoric effects (Ertekin et al., 2005).
D. stramonium is internally used in relieving the spasm of
bronchitis in asthma. It is also used in the treatment of
Parkinsonism and Hemorrhoids. Its leaves, applied after roasting,
are useful in relieving pain. A. spinosus may either be used as a
medicinal herb or consumed as a vegetable. The carbohydrate
content of the plant is 1.16 g/100 g leaves with a protein content
of 4 g. The calcium content of the plant is 968.7 mg/100 g dry
weight (Olumayokun et al., 2004). The Lodha of West Bengal,
India, reportedly makes a hallucinogenic smoking powder from
the rootA. spinosus.Hilou andNacoulmaa (2006) also reported on
the anti malaria activity from plant extract obtained from
A. spinosus. Over the years, the attention was on the use of
these plants for medicinal purposes. However, to the best of our
knowledge, there are no reports on the bioaccumulation of heavy
metals on these two plants especially from those that are growing
near a waste dump site or in the urban city centers. The present
study examined the uptake and translocation pattern of trace
metals from these two plants that are freely accessible especially
from dump sites in South Africa.
2. Materials and methods
The plant samples were collected from the waste dump
site of the University of Limpopo, Medunsa Campus,Table 1
Trace metal concentration (μg/g) from different parts of Datura stramonium.
Plant
parts
Metals
Cu Cr Pb Z
Root 14.05±0.02 14.05±0.89 2.13±0.02 9
Stem 7.05±0.12 6.41±0.04 0.51±0.01 3
Leaf 11.95±0.21 7.31±0.12 0.89±0.02 5Pretoria. The waste dump site accommodated mostly the
domestic waste in terms of leftover food from the school
cafeteria, discarded office papers and to some extent cans of
both soft and alcoholic beverages. It is often a common
thing to see people from the nearby town (Ga-rankuwa)
harvesting vegetables and picking up some of the discarded
waste from this waste dump site.
The plant samples were washed thoroughly in distilled
water so as to remove superficial dust. The samples were
allowed to dry by placing it in an oven at a temperature of
60 °C for a period of 48 h. The plant samples were divided
into three different parts namely: root, stem and leaf. The
samples from different parts were then ground and sieved
through a 0.5 mm diameter sieve. The pulverized plant
samples were then stocked in paper sample bags in the
desiccators prior to analysis.
Soil samples were also collected at the same point where the
plant samples were uprooted with the aid of a soil auger at
depths 0–15 cm and 15–30 cm. The soil samples were stored in
a polythene bag before transportation to the laboratory for
chemical analysis.
The elemental analyses (copper, chromium, lead, zinc,
nickel, iron and manganese) of the plant and soil samples
were performed using the ICP-OES (Perkin Elmer ICP-OES
Optima. 4300 DV (USA). Digestion of plant samples was
performed using 0.5 g of dried plant samples with the addition
of 10 ml of HNO3 (65% Merck supra pure) and 3 ml of HCIO4
(65% Merck supra pure). This mixture was heated up to 150 °C
(an air oven Scientific series 9000) for 2 h and brought to a
volume of 10 ml with deionized water. This procedure was
repeated twice with a blank digest carried out the same way. The
resulting solution was analyzed for trace metal contents using
ICP-OES. A similar procedure was followed for the digestion of
soil samples. However, with soil samples 5 g of air dried sample
was used with the addition of 12 ml of HNO3 (65%Merck supra
pure) and 5 ml of HCIO4 (65% Merck supra pure). The soil pH
was determined by 0.01 M CaCl2 (1:2 soil solution ratio) and in
distilled water using a pH meter fitted with glass electrode
(Jenwal Model 3015 digital). For the purpose of quality
assurance, the analysis for both plant and soil samples was
carried out in triplicate, with the analysis of CRM042-050 that
contains metals.
3. Results and discussion
The result of the mean concentrations of trace metals (Zn,
Cu, Fe, Pb, Mn, Cr and Ni) from D. stramonium and
A. spinosusis presented in Tables 1 and 2 respectively.n Ni Fe Mn
0.65±1.22 10.32±0.09 35.51±1.32 87.51±1.12
7.91±0.23 4.75±0.06 17.35±0.56 30.65±0.87
2.94±1.15 4.95±0.23 30.65±0.21 33.56±0.03
Table 2
Trace metal concentration (μg/g) from different parts of Amaranthus spinosus.
Plant
parts
Metals
Cu Cr Pb Zn Ni Fe Mn
Root 10.61±0.55 18.31±0.01 1.31±0.02 24.85±1.25 15.78±0.14 37.44±0.45 44.41±0.56
Stem 3.84±0.33 5.65±0.05 1.49±0.05 16.84±0.23 4.36±0.25 32.15±0.12 18.20±1.32
Leaf 6.15±0.22 6.74±0.01 1.98±0.08 29.55±0.32 5.69±0.15 78.65±0.17 21.94±0.24
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roots of D. stramonium with a value of 90.65±1.22 μg/g.
Values recorded for stem and leaf of the same plant were
37.91 ±0.23 μg/g and 52.94±1.15 μg/g respectively. The
values recorded for A. spinosus were significantly lower
(pb0.01). The values for A. spinosus were 24.85±1.25 μg/g
(root), 16.84±0.23 μg/g (stem) and 29.55±0.32 μg/g (leaf)
respectively (Fig. 1). Zn is considered a micronutrient and the
WHO limits for this trace metal has not yet been established.
However, according to a report submitted by Ajasa et al. (2004)
the value of Zn in agricultural products should not exceed
200 μg/g, with a dietary intake of 150 μg/g (Hashmi et al.,
2007). The present study showed that the two plants did not
accumulate zinc in excess of what is required. Zn toxicity in
plants can limit the growth of both root and shoot, and may
further lead to a purplish-red color in leaves (Lee et al., 1996).
These observable characteristics of Zn deficiencies were not
noted or observed from plants used for this study.
The concentration of Cu from both plant parts ranged from
3.84±0.33 μg/g–14.05±0.02 μg/g. The highest mean concen-
tration for this element was recorded from the root of
D. stramonium with a value of 14.05±0.02 μg/g. Cu is
considered a micronutrient for plants and also plays an important
role in CO2 assimilation andATP synthesis. Stadtman andOlivier
(1991) reported that exposure of plants to excess copper may
generate oxidative stress which in turn may cause disturbance of
metabolic pathways and damage to macromolecules. The
concentration of copper from the leaf of D. stramonium
(11.95 ±0.21) was very high when compared with the WHO
standard of 15 μg/g though the value was still within the limit.
Excessive intake of Cu in human may cause heamolysis andFig. 1. Concentration of Zn (μg/g) from Datura stramonium (DS) and
Amaranthus spinosus (AS).nephrotoxic effects. The continuous ingestion of copper from
food may induce chronic copper poisoning in man.
The mean Fe concentration varied from 20.95±0.76 μg/g to
78.65±1.23 μg/g with the highest value occurring from the
leaves of A. spinosus (Fig. 2). Fe is an essential element for all
plants because of its role in plant photosynthesis, chloroplast
development and chlorophyll biosynthesis. The leaf of
A. spinosus had been used in some other parts of the world
for the supply of blood. Fe is required in human body as a
catalyst and it contains hemoglobin. The level of Fe from these
two plants may well compensate for the deficient intake of this
element (Hashmi et al., 2007).
Concentrations of Ni from the plant parts were in the range
4.36±0.25 μg/g to 15.78±0.14 μg/g. The lowest concentration
for Ni was recorded from the stem of A. spinosus. The highest
concentration was recorded from the root of the same plant. The
differences in the concentration of Ni from the different plant
parts were significant (pb0.01). Excess Ni in soil may cause
physiological alterations and diverse toxicity symptoms such as
chlorosis and necrosis in different plant species (Rahman et al.,
2005). However, the medicinal plants used for this study did not
show such symptoms but may become toxic if the source of Ni
is not controlled due to its present concentration in the soil. Ni is
a constituent of urease, and small quantities of Ni (0.01 to 5 μg/
g) are essential for some plant species (Seregin and Kozhevni-
kova, 2006). However the surface of roots and soil particles
may be coated with the film of insoluble iron (III) compounds,
which can bind Ni and make it inaccessible for plant uptake
(Taylor and Crowder, 1984). Thus caution should be taken as
the plant roots are used for medicinal purposes.Fig. 2. Concentration of Fe (μg/g) from Datura stramonium (DS) and
Amaranthus spinosus (AS).
Fig. 3. Concentration of Pb (μg/g) from Datura stramonium (DS) and
Amaranthus spinosus (AS).
Table 4
Transfer factor for trace metals in leaves of Datura stramonium.
Plant
parts
Metals
Cu Cr Pb Zn Ni Fe Mn
Root 0.74 0.30 0.18 5.05 0.25 0.52 1.10
Stem 0.37 0.13 0.04 2.11 0.11 0.26 0.38
Leaf 0.64 0.16 0.07 2.95 0.12 0.45 0.43
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0.51 ±0.01 μg/g to 2.13±0.02 μg/g (Fig. 3). The lowest
concentration was recorded from the stem of D. stramonium
while the highest concentration was recorded from the root of
the same plant. According toWHO, the permissible limit of lead
for medicinal plants is 10 μg/g. The two plants studied,
accumulated this metal at a level that is low when compared
with the permissible level (Tables 1 and 2).
Cr levels ranged from 5.65±0.05 μg/g to 18.31±0.01 μg/g,
with the highest and the lowest levels occurring from the stem
and root of A. spinosus respectively. The levels of Cr from these
plants were relatively high especially when the plants are
intended for use of infants. Specific recommendations depend
on age and gender, values ranging from 0.2 μg/g to 5.5 μg/g are
recommended for infants under the age of 12 months (Hamrick
and Counts 2008).
The soil pH was in the range of 6.65 to 6.85 in distilled H2O
and 6.56 to 6.61 in CaCl2 solution. The observed pH level
recorded from the study revealed that some of the trace metals
are not easily accessible for plant uptake owing to the high pH
level from the site. At a relatively low pH, the mobility of trace
metals is substantially enhanced due to the acidic nature of the
soil and the displacement of exchangeable cation from the
exchange site. From this study, these metals may be adsorbed or
occluded by the carbonates, organic matters or secondary
minerals and as such may not be available for plant uptake
(Olivia and Espinosa, 2007). This may also explain the reason
for an increase in the concentration of trace metals from the
roots of the plants.
The concentration of trace metals from the soil are presented
in Table 3. The highest concentration for the trace metals were
recorded at the top soil (0–15 cm) and were statisticallyTable 3
Mean trace metals concentration (μg/g) from the soil of the study area.
Soil
depths
Metals
Cu Cr Pb
0–15 cm 18.57±0.11 46.49±1.10 11.62±0.23
15–30 cm 17.25±0.25 38.84±1.14 9.92±0.15significant (pb0.01). The differences in the concentration of
trace metals from the top soil to the sub soil might be due to the
effect of anthropogenic sources. Urban soils and soils from
waste dump sites are known to be high in trace metal
concentration with special reference to the top soil (Gonzalez
and Gonzalez-Chavez, 2006). High concentrations noted for Fe
and Mn may be associated to their crustal nature. However, the
effect of anthropogenic sources might not be excluded totally
for all the elements.
Tables 4 and 5 presented the result of the relationship
between uptake of metals from soil by the leaves. The transfer
factor is calculated as the concentration of heavy metal in plant
parts to the concentration present in the soil. This is an index of
soil–plant transfer (Olowoyo et al., 2010). RatiosN1 indicated
that plants are enriched in elements from soil (accumulator),
ratios around 1 indicated that plants are not influenced by
elements (indicator) and ratiosb1 showed that plants exclude
the element from soil (excluder). Notably from this study, both
species have values less than 1 (Tables 4 and 5). This indicates
that the plant used for this study was unable to take up trace
metals from the soil. Thus the source of the trace metals in the
leaves may not be a result of uptake from the soil (Olowoyo et
al., 2010). Zurera et al. (1989) noted that variations in the
concentration of heavy metals in leaves of different vegetables
examined might be due not only to the soil composition but also
to absorption capacities of heavy metals by vegetables,
atmospheric deposition of heavy metals, which may be
influenced by innumerable environmental factors such as
temperature, moisture and wind velocity, and the nature of the
vegetables, i.e. leafy, root, fruit exposed surface area, hairy or
smoothness of the exposed parts.
Elements such as Zn and to a lesser extent Fe and Mn could
either be said to have been taken up by the plant from the soil.
This argument thus supported the reason for higher concentra-
tion of these elements in the plant roots compared to either the
stem or the leaf. However, the increased concentration of these
elements from the leaves as opposed to the stem suggests the
effect of anthropogenic sources. Olowoyo et al. (2010) reported
that pollutants may gain entrance into the leaf via the stomata.Zn Ni Fe Mn
17.94±1.14 41.02±1.45 67.72±2.32 78.94±1.45
13.37±0.65 40.10±1.68 67.82±2.98 77.39±0.88
Table 5
Transfer factor for trace metals in leaves of Amaranthus spinosus.
Plant
parts
Metals
Cu Cr Pb Zn Ni Fe Mn
Root 0.57 0.39 0.11 1.39 0.39 0.55 0.56
Stem 0.21 0.12 0.13 0.93 0.11 0.47 0.23
Leaf 0.33 0.14 0.17 2.95 0.14 1.16 0.28
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spheric deposition is one of the major pathways by which metal
enters tree leaves.
This study showed that the root might have acted as a
storage organ of these minerals after uptake from the soil
before being transferred to other parts of the plant. This was
especially true for all the metals since higher concentration
of trace metals was recorded from the root and lower
concentrations from either the stem or leaf (Asaolu and
Asaolu, 2010). The high concentration of the metals in the
roots of both plants may not pose any serious damage
because only the leaves and stems of both plants are either
consumed or used as medicinal herbs. However periodical
monitoring programme should be encouraged especially
when collecting the plants from areas that are close to
pollution since pollutants such as trace metals may enter the
leaves via the stomata. Furthermore, the concentration of
heavy metals in different plant species with regards to
uptake and translocation may reflect their genetic differ-
ences. The tested plant species did not exhibit significant
phytoremediation potential, although small concentrations of
these metals may be passed by these plants to the above
biomass.4. Conclusion
It has been established that over dose or prolonged
ingestion of medicinal plants may lead to chronic accumu-
lation of different elements which may cause various health
problems (Jabeen et al., 2010). However, plants with high
concentration of elements that are within the permissible
levels might play an important role in the maintenance of
human health. It was gathered from this study that most of
the elements examined from the two plants are within the
allowable limit with the exception of Cr from the leaves and
stems and Ni from the roots of the plants. The two plants
investigated showed a low affinity for uptake of metals via
the soil. The results further indicated that the presence of
trace metals in plant roots may not necessarily indicate its
availability or uptake by plants. The plants collected from
this type of waste dump site may not pose a serious danger
with regards to metal uptake; however, a periodical
assessment of plants used for traditional medicine should
be encouraged as this will assist in predicting the quality
assurance and safer herbal use especially for the urban
population where the level of pollution may be very high.Acknowledgements
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